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Strong decay mode J/ψp of hidden charm pentaquark states P+c (4380) and P+c (4450) in Σc ¯D∗
molecular scenario
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We study the strong decay channels P+c (4380) → J/ψp and P+c (4450) → J/ψp under Σc ¯D∗ molecular state
ansatz. With various spin-parity assignments, the partial decay widths of J/ψp final state are calculated. Our
results show that all the P wave Σc ¯D∗ assignments are excluded, while S wave Σc ¯D∗ pictures for Pc(4380) and
Pc(4450) are both allowed by present experimental data. The JP = 3/2− Σ∗c ¯D and Σ∗c ¯D∗ molecules are also
discussed in the heavy quark limit, and find that the Σ∗c ¯D system for Pc(4380) is possible. More experimental
information on spin-parities and partial decay widths and theoretical investigations on other decay modes are
needed to clarify the nature of the two Pc states.
PACS numbers: 12.39.Mk, 13.30.Eg, 14.20.Pt, 36.10.Gv
I. INTRODUCTION
In 2015, two hidden charm pentaquark resonances
P+c (4380) and P+c (4450) were reported by LHCb Collabora-
tion in the J/ψp invariant mass spectrum in theΛ0b → J/ψK−p
process [1]. Their masses and widths are
(M, Γ)P+c (4380) = (4380 ± 8 ± 29, 205± 18 ± 86) MeV, (1)
(M, Γ)P+c (4450) = (4449.8± 1.7 ± 2.5, 39 ± 5 ± 19) MeV. (2)
The spin-parities of the Pc states are not determined yet, and
some possible spin-parity values (3/2−, 5/2+), (3/2+, 5/2−),
and (5/2+, 3/2−) for [Pc(4380), Pc(4450)] are favored by the
experimental analyses. Given the strong decay mode J/ψp,
the Pc(4380) and Pc(4450) states are believed to have five in-
trinsic quark content uudcc¯, and their isospins are I = 1/2.
In the following paper, LHCb Collaboration reported the
branching fraction of the decay Λ0b → J/ψK−p and branching
ratios B(Λ0b → P+c K−)B(P+c → J/ψp) [2],
B(Λ0b → J/ψK−p)
= 3.04 ± 0.04 ± 0.06 ± 0.33+0.43−0.27 × 10−4, (3)
B(Λ0b → P+c (4380)K−)B(P+c (4380) → J/ψp)
= 2.56 ± 0.22 ± 1.28+0.46−0.36 × 10−5, (4)
B(Λ0b → P+c (4450)K−)B(P+c (4450) → J/ψp)
= 1.25 ± 0.15 ± 0.33+0.22−0.18 × 10−5. (5)
However, the available experimental data are insufficient to
determine the values of B(P+c → J/ψp).
In addition to the conventional mesons (qq¯) and baryons
(qqq), the exotic states, such as tetraquark, pentaquark, and
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dibaryons, are also allowed by color confinement. In the past
decades, lots of XYZ states have been observed, which can be
hardly described as conventional mesons in traditional quark
models [3–5]. Most of them, especially the Z+c and Z+b states,
should have four quark content. A structure of d∗(2380) has
been reported in double-pion fusion reactions and their partial
wave analyses [6, 7], which may have six quark content. The
observation of two pentaquark states Pc(4380) and Pc(4450)
provides a unique perspective to the nature of exotic states.
Before the discovery of Pc states, there have already been
some theoretical studies on the existence of hidden charm pen-
taquark states with meson-baryon and meson-meson interac-
tions [8–14]. Some hidden charm states are predicted, which
may correspond the Pc states or their partners. Moreover,
the productions of these states are also discussed within the
framework of effective Lagrangian approach [15–18].
Inspired by the observation of Pc states, many interest-
ing theoretical works have been presented. According to the
diquark picture, the two Pc states are interpreted as com-
pact pentaquarks, where the five quarks are tightly bound
and interact with each other via color magnetic interaction
directly [19–25]. An alternative explanation is that the Pc
resonances are molecular states composed of one meson and
one baryon, which are loosely bounded and interact through
color Van der Waals interaction and boson exchange interac-
tion [26–34]. Furthermore, the non-resonant interpretations
of these two structures also exist, which suggest that the Pc
states are not genuine states, but kinematical effects due to re-
scattering processes [35–38]. Detailed discussions of various
assignments and properties can be found in Ref. [5, 39].
The production mechanism of these two Pc are also inves-
tigated by some works. In analogy to Λ0b → J/ψK−p, the Pc
states and their partners can be produced in weak decay pro-
cesses of bottom baryons [40–46]. Since the anomalous trian-
gle singularity kinematical effects do not exist in the two body
final states reactions, the photon and pion induced produc-
tions are suggested to clarify the nature of Pc states [47–50].
Other production processes, such as heavy ion collisions [51],
proton-nucleus collisions [52], and Υ(1S ) → pp¯J/ψ reac-
tion [35], are also proposed.
Besides the mass spectrum and production mechanism, the
2decay behaviors of Pc states can also provide beneficial infor-
mation of their structures. However, there are only a few stud-
ies on decay properties. Burns discussed possible decay pat-
terns of Pc states under various scenarios according to quan-
tum number conservations [39]. Eides, Petrov and Polyakov
calculated the J/ψ partial decay width of Pc(4450) as a bound
state of charmonium ψ(2S ) and nucleon. Wang, Li, Liu and
Zhu performed a comprehensive study with the heavy quark
symmetry and spin rearrangement scheme, where the Σ∗c ¯D,
Σc ¯D∗, and Σ∗c ¯D∗ molecular candidates are considered [53]. In-
dependent of dynamical mechanism, several ratios of partial
widths of some decay channels are estimated. Particularly,
Wu, Molina, Oset, and Zou gave a pioneer investigation on
decay behaviors of the predicted hidden charm states [8].
It should be mentioned that the masses of Σc ¯D∗ systems
with different partial waves have been extensively studied in
the literature. Some works suggested that Σc ¯D∗ molecule
stands for the Pc(4380) state [27, 31, 34], while others sup-
port it as Pc(4450) resonance [26, 29]. In the present work, we
will investigate the strong decay mode J/ψp of Pc states under
Σc ¯D∗ molecule assignments with spin-parity JP = 3/2±, 5/2±.
Within the framework of effective Lagrangians approach, the
technique for evaluating composite hadron systems have been
widely used for various molecular states, where the com-
positeness condition, corresponding to Z = 0 has been em-
ployed [54–60]. Moreover, the JP = 3/2− Σ∗c ¯D and Σ∗c ¯D∗
molecules are also discussed in the heavy quark limit. These
explorations can give the predicted partial decay widths of Pc
states, which will help us to distinguish between different in-
terpretations to be tested by future experiments.
This paper is organized as follows. The basic formalism
and ingredients of our approach are displayed in Sec. II. The
predicted partial decay widths and discussions are presented
in Sec. III. Finally, we give a short summary in the last section.
II. FORMALISM AND INGREDIENTS
In this section, we present the formalism for the investiga-
tion of Pc states with various spin-parity assignments in the
Σc ¯D∗ molecular pictures. The simplest effective Lagrangian
describing the PcΣc ¯D∗ couplings can be expressed as
L3/2±PcΣc ¯D∗ (x) = −igPcΣc ¯D∗
∫
d4yΦ(y2) ¯Σc(x + ω ¯D∗y)Γ(±)
¯D∗µ(x − ωΣc y)Pµc (x) + H.c., (6)
L5/2±PcΣc ¯D∗ (x) = gPcΣc ¯D∗
∫
d4yΦ(y2) ¯Σc(x + ω ¯D∗y)Γ(∓)
∂µ ¯D∗ν(x − ωΣc y)Pµνc (x) + H.c., (7)
where ω
¯D∗ = m ¯D∗/(mΣc + m ¯D∗ ) and ωΣc = mΣc/(mΣc + m ¯D∗ ).
The vertex Γ(±) matrix is defined as Γ+ = γ5 and Γ− = 1. The
effective correlation function Φ(y2) is chosen to describe the
distribution of Σc and ¯D∗ in Pc states. To render the Feyn-
man diagrams ultraviolet finite, the Fourier transform of cor-
relation function Φ(y2) should vanishes fast in the ultraviolet
region of the Euclidean space. We adopt the commonly used
forms in hadronic molecular decays and the Fourier transform
can be written as [54–60]
˜Φ(p2E/Λ2)  exp(−p2E/Λ2), (8)
where pE is the Euclidean Jacobi momentum and Λ is a free
size parameter characterizing the distribution of the two com-
ponents in the molecule. This parameter is about 1 GeV and
varies in different systems.
The coupling constant gPcΣc ¯D∗ can be determined by the
compositeness condition [61, 62]. This condition requires that
the renormalization constant of the hadronic molecular wave
function is equal to zero,
ZPc = 1 −
∂ΣT (±)Pc (p)
∂ /p
∣∣∣∣∣
/p=mPc
≡ 0, (9)
where the ΣT (±)Pc (p) is the transverse part of the mass operator
Σ
µν(±)
Pc (p) with the JP = 3/2± assumption and Σ
µναβ(±)
Pc (p) with
the JP = 5/2± assumption of the molecule Pc states, The rela-
tion between the transverse part and the corresponding mass
operator can be defined as
Σ
µν(±)
Pc (p) = g
µν
⊥ Σ
T (±)
Pc (p) +
pµpν
p2
Σ
L(±)
Pc (p), (10)
Σ
µναβ(±)
Pc (p) =
1
2
(gµα⊥ gνβ⊥ + gµβ⊥ gνα⊥ )ΣT (±)Pc (p) + · · ·, (11)
with gµν⊥ = gµν − pµpν/p2. The · · · denote terms that do not
contribute to the mass renormalization.
The diagram describing the mass operator of the Pc states
is presented in Fig. 1. From the effective Lagrangian, we can
obtain the concrete forms of Σµν(±)Pc (p) and Σ
µναβ(±)
Pc (p),
Σ
µν(±)
Pc (p) = ±g2PcΣc ¯D∗
∫ d4q
(2π)4i
˜Φ2(q − ω
¯D∗ p)Γ(±)
1
/q − mΣc
×Γ(±)
−gµν + (p − q)µ(p − q)ν/m2
¯D∗
(p − q)2 − m2
¯D∗
, (12)
Σ
µναβ(±)
Pc (p) = ±g
2
PcΣc ¯D∗
∫ d4q
(2π)4i
˜Φ2(q − ω
¯D∗ p)Γ(∓)
× 1
/q − mΣc
Γ(∓)(p − q)α(p − q)µ
×
−gβν + (p − q)β(p − q)ν/m2
¯D∗
(p − q)2 − m2
¯D∗
, (13)
where q is the four momentum of Σc baryon.
The hadronic decay P+c → J/ψp occurs by exchanging D∗,
D, and Σc hadrons as shown in Fig. 2. To estimate these trian-
gle loop diagrams, the effective Lagrangian of relevant inter-
action vertices are also needed [17, 60, 63],
LψD(∗)D(∗) = −igψDDψµ(∂µDD† − D∂µD†)
+gψD∗Dεµναβ∂µψν(D∗α
←→
∂ βD† − D
←→
∂ βD∗†α )
+igψD∗D∗ψµ(D∗ν∂νD∗†µ − ∂νD∗µD∗†ν
−D∗ν
←→
∂ µD∗ν†), (14)
3P+
c
D¯∗
Σc
P+
c
FIG. 1: The mass operator of P+c states.
LΣcND∗ = gΣcND∗ ¯Nγµ~τ · ~ΣcD∗µ + H.c., (15)
LΣcND = −igΣcND ¯Nγ5~τ · ~ΣcD + H.c., (16)
LΣcΣcψ = gΣcΣcψ ¯ΣcγµΣcψµ. (17)
In the heavy quark limit, the coupling constants of charmo-
nium and charmed mesons should satisfy [60, 63]
gψDD = 2g2
√
mψmD,
gψD∗D = 2g2
√
mDmD∗/mψ,
gψD∗D∗ = 2g2
√
mψmD∗ , (18)
where g2 =
√
mψ/(2mD fψ) is a gauge coupling and fψ is the
decay constant of a charmonium ψ. For the J/ψ, one can ob-
tain fJ/ψ = 426 MeV with the leptonic partial decay width.
Based on S U(4) invariant Lagrangians and flavor symmetry,
we can determined the coupling constants gΣcND∗ = gΣcΣcψ =
3.0 [56], and gΣcND = 2.69 [17].
With the above Lagrangians, the amplitudes for P+c (p0) →
[Σc(q1) ¯D∗(q2)] → p(p1)J/ψ(p2) can be written straightfor-
wardly
M3/2±a = −igPcΣc ¯D∗gΣcND∗gψD∗D∗
∫ d4q
(2π)4
× ˜Φ(ω
¯D∗q1 − ωΣc q2)ǫ∗νψ u¯Nγα
1
/q1 − mΣc
×Γ′(±)uµPc [qρgνλ − q2λgρν + (q2ν − qν)gρλ]
×−g
ρ
µ + q2µq
ρ
2/m
2
D∗
q22 − m2D∗
−gλα + qλqα/m2D∗
q2 − m2D∗
, (19)
M3/2±b = gPcΣc ¯D∗gΣcNDgψD∗D
∫ d4q
(2π)4
× ˜Φ(ω
¯D∗q1 − ωΣc q2)ǫ∗νψ u¯Nγ5
1
/q1 − mΣc
×Γ′(±)uµPcǫρλανp
α
2 (qλ − q2λ)
×−g
ρ
µ + q2µq
ρ
2/m
2
D∗
q22 − m2D∗
1
q2 − m2D
, (20)
M3/2±c = igPcΣc ¯D∗gΣcND∗gΣcΣcψ
∫ d4q
(2π)4
× ˜Φ(ω
¯D∗q1 − ωΣc q2)ǫ∗νψ u¯Nγρ
1
/q − mΣc
γν
× 1
/q1 − mΣc
Γ′(±)uµPc
−gρµ + q2µqρ2/m2D∗
q22 − m2D∗
, (21)
M5/2±a = gPcΣc ¯D∗gΣcND∗gψD∗D∗
∫ d4q
(2π)4
× ˜Φ(ω
¯D∗q1 − ωΣc q2)ǫ∗νψ u¯Nγα
1
/q1 − mΣc
×Γ′(∓)uµβPc q2β[qρgνλ − q2λgρν + (q2ν − qν)gρλ]
×−g
ρ
µ + q2µq
ρ
2/m
2
D∗
q22 − m2D∗
−gλα + qλqα/m2D∗
q2 − m2D∗
, (22)
M5/2±b = igPcΣc ¯D∗gΣcNDgψD∗D
∫ d4q
(2π)4
× ˜Φ(ω
¯D∗q1 − ωΣc q2)ǫ∗νψ u¯Nγ5
1
/q1 − mΣc
×Γ′(∓)uµβPcǫρλανq2βp
α
2 (qλ − q2λ)
×−g
ρ
µ + q2µq
ρ
2/m
2
D∗
q22 − m2D∗
1
q2 − m2D
, (23)
M5/2±c = −gPcΣc ¯D∗gΣcND∗gΣcΣcψ
∫ d4q
(2π)4
× ˜Φ(ω
¯D∗q1 − ωΣc q2)ǫ∗νψ u¯Nγρ
1
/q − mΣc
γν
× 1
/q1 − mΣc
Γ′(∓)uµβPc q2β
−gρµ + q2µqρ2/m2D∗
q22 − m2D∗
, (24)
where q is the four momentum of the exchanged hadrons. The
vertex Γ′(±) matrix is defined as Γ′+ = iγ5 and Γ′− = 1. Then
the total amplitudes of the P+c → J/ψp process are,
M = Ma +Mb +Mc. (25)
The explicit expression of the P+c states in molecule pictures
can be expressed as [9]
P+c =
√
1
3Σ
+
c
¯D∗0 +
√
2
3Σ
++
c D
∗−. (26)
The isospin spin symmetry requires the coupling of the
Σ++c pD∗+ vertex is
√
2 times larger than the one of the Σ+c pD∗0.
Then the corresponding partial decay widths can be estimated
by
Γ(P+c → J/ψp) =
1
2J + 1
3
8π
|~p1|
m2Pc
|M|2, (27)
where J is the total angular momentum of initial Pc states,
the overline indicates the sum over the polarization vectors of
hadrons, and M stands for the contribution from Σ+c ¯D∗0. The
factor 3 comes from the two components of Eq. (26) where
the mixing is included. Certainly, one can absorb this factor
into the amplitudes [9].
III. RESULTS AND DISCUSSIONS
The coupling constants gPcΣc ¯D∗ of two Pc states with differ-
ent spin-parity assignments are estimated in the Σc ¯D∗ hadronic
4P+
c
p
J/ψ
(a)
D¯∗
Σc
D∗
P+
c
p
J/ψ
(b)
D¯∗
Σc
D
P+
c
J/ψ
p
(c)
D¯∗
Σc
Σc
FIG. 2: Feynman diagrams for the P+c → J/ψp decay process.
molecular pictures from the compositeness condition. The
typical value of Λ is about 1 GeV, and the Λ dependence of
these coupling constants are shown in Fig. 3. When Λ varies
from 0.8 to 1.2 GeV, the coupling gPcΣc ¯D∗ decreases. It is
known that for a S wave loosely bound state, the effective
coupling strength of the bound state to its components is in-
sensitive to the inner structure and can be determined model-
independently [61, 64]. In our calculation, the coupling con-
stants are almost independent with the parameter Λ for the
JP = 3/2− cases, where the Σc ¯D∗ system is in S wave. The
Λ dependence indicates the realistic systems in our calcula-
tions are not so loosely bound, and in the case of more deeply
bound state the dependence of the coupling on Λ becomes
stronger. Comparing the couplings of Pc(4380) and Pc(4450)
states with the same JP assumptions, it is also shown that for a
certain Λ, the coupling constant decreases as the binding en-
ergy decreases. The values of gPcΣc ¯D∗ with Λ = 1 GeV are
listed in Table. I.
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FIG. 3: The coupling constants of Pc states with different JP assign-
ments depending on the parameter Λ. The red solid line stands for
P = +, and green dashed line corresponds P = − cases.
The partial decay widths of P+c → J/ψp are presented in
Fig. 4 and Fig. 5, and their values with Λ = 1 GeV are shown
in Table. II. In the discussed Λ range, the partial decay widths
increase with Λ for the JP = 3/2± assignments, while de-
crease for the JP = 5/2± assignments. For the Pc(4380) state,
the predicted partial decay widths in the four cases are all
TABLE I: Coupling constants of PcΣc ¯D∗ with different JP assign-
ments with Λ = 1 GeV.
State 3/2+ 3/2− 5/2+ 5/2−
(GeV−1) (GeV−1)
Pc(4380) 58.91 5.48 11.49 9.77
Pc(4450) 35.66 2.38 4.71 4.39
smaller than the experimental total width within the limit of
error-bar. The JP = 5/2− assignment is not favored by LHCb
experiment [1], and the Σc ¯D∗ molecule should be in D wave
in this case. Hence, the JP = 5/2− assumption for Pc(4380)
is excluded, while others are consistent with the present data.
For the Pc(4450) state, since JP = 3/2+ assignment is not
favored by LHCb collaboration [1] and the calculated par-
tial decay width is much larger than the experimental total
width, this case can be completely excluded as well. Also, the
JP = 5/2+ case is disfavored due to the large predicted width,
and the D wave Σc ¯D∗ molecule with JP = 5/2− can be hardly
formed through boson exchange interaction and color Van der
Waals interaction. Hence, only the S wave Σc ¯D∗ molecule is
left for the Pc(4450) state in our calculation.
TABLE II: Partial decay widths of P+c → J/ψp with different JP
assignments with Λ = 1 GeV. The unit is in MeV.
State 3/2+ 3/2− 5/2+ 5/2−
Pc(4380) 173.12 38.12 169.51 4.96
Pc(4450) 369.82 25.00 76.15 3.39
The individual contributions of the D∗, D, and Σc exchanges
for the P+c (4380) → J/ψp (for an example) with different JP
assignments are presented in Fig. 6 . Since the relative signs
of the three Feynman diagrams are well defined, the obtained
total decay widths are the square of their coherent sum. It is
found that for the S and P wave cases, the diagram of D∗ ex-
change plays dominated role, while D and Σc exchanges give
minor contributions. However, the interferences among them
are still sizable. Even for the JP = 3/2− case, the | Mb +Mc |
is about 1/10 ∼ 1/5 of the | Ma |, which contributes signifi-
cantly constructive interferences. The behaviors of each con-
tributions for Pc(4450) are similar to the ones of the Pc(4380),
since only the binding energy is changed.
Besides the Σc ¯D∗ molecular picture, the Σ∗c ¯D and Σ∗c ¯D∗ sce-
narios are also proposed in the literature. We do not calculate,
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FIG. 4: The partial decay widths of the P+c (4380) → J/ψp with
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FIG. 5: The same as Fig. 4, but for the P+c (4450) → J/ψp. The partial
decay width of JP = 3/2+ case is much larger than the experimental
data and neglected here.
in this work, the partial decay widths of Pc states as Σ∗c ¯D and
Σ∗c ¯D∗ molecules due to the extremely complicated and lengthy
procedures of loop integrals including higher spin states. In
the heavy quark limit, the S -wave D and D∗ mesons can be
categorized into a doublet as well as the heavy baryons Σc
and Σ∗c. With the heavy quark symmetry and spin rearrange-
ment scheme, there is an interesting work studying the ratios
of partial decay widths in different molecular scenarios [53].
The model independent result shows that for the three S -wave
Σc ¯D∗, Σ∗c ¯D, and Σ∗c ¯D∗ molecules with JP = 3/2−, the ratios
of their J/ψp decay widths satisfy Γ[(Σc ¯D∗)] : Γ[(Σ∗c ¯D)] :
Γ[(Σ∗c ¯D∗)] = 1.0 : 2.7 : 5.4. Simply employing those ra-
tios and the results listed in Tab. II, we can estimate the J/ψp
decay widths of the two Pc states in Σ∗c ¯D and Σ∗c ¯D∗ molecular
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FIG. 6: The individual contributions of the D∗, D, and Σc exchanges
for the P+c (4380) → J/ψp with different JP assignments. The red
solid, green dotted, blue dot-dashed, and pink short dotted lines stand
for the total, D∗, D, and Σc contributions, respectively.
scenarios with JP = 3/2−,
Γ
3/2−
P+c (4380)→J/ψp[(Σ
∗
c
¯D)] = 102.92 MeV,
Γ
3/2−
P+c (4380)→J/ψp[(Σ
∗
c
¯D∗)] = 205.85 MeV,
Γ
3/2−
P+c (4450)→J/ψp[(Σ
∗
c
¯D)] = 67.50 MeV,
Γ
3/2−
P+c (4450)→J/ψp[(Σ
∗
c
¯D∗)] = 135.00 MeV. (28)
The much larger partial decay width Γ3/2
−
P+c (4450)→J/ψp[(Σ
∗
c
¯D∗)]
excludes the possibility of Pc(4450) as a S -wave JP = 3/2−
Σ∗c ¯D∗ molecule. Also, the Pc(4450) as the Σ∗c ¯D system is not
favored due to its higher mass over the threshold and a slightly
large partial decay width. The above discussion shows that if
Pc(4450) state has the spin-parity JP = 3/2−, only the Σc ¯D∗
system of the three molecular scenarios is allowed. This result
is consistent with the interpretations of Ref. [26], in which the
Pc(4450) is a JP = 3/2− Σc ¯D∗ resonance and Pc(4380) may
be not a genuine state.
It is worthy mentioned that the J/ψp mode of the two Pc
states may not be the dominated decay channel. The situation
occurs for the charged charmonium-like and bottomonium-
like states. Under the assumption that Zc(3885) and Zc(3900)
are the same state, the partial decay width of D ¯D∗ channel is
larger than J/ψπ mode by a factor about 6 [65]. The open-
bottom decay modes of Zb(10610) and Zb(10650) are also
dominated [3]. In Refs. [5, 66], an argument also suggests
that the Pc states as Σ(∗)c ¯D(∗) molecules should mainly decay
to open charm final states rather than J/ψp. From Tab. II and
Eq. (28), three partial decay widths Γ3/2+P+c (4380)→J/ψp[(Σc ¯D
∗)],
Γ
5/2+
P+c (4380)→J/ψp[(Σc ¯D
∗)], and Γ3/2−P+c (4380)→J/ψp[(Σ
∗
c
¯D∗)] seem too
6large, and the branching ratios are over 80%, which indicate
the J/ψp decay modes dominate. These results stand in sharp
contrast to the above discussions. Hence, we believe that the
Pc(4380) as these assignments are disfavored.
It should be stressed that a very recent work calculates
the relative decay ratio of the ¯D∗Λc and J/ψp states for the
Pc(4380) in both Σc ¯D∗ and Σ∗c ¯D pictures [67]. The ratio is
about one for the Σc ¯D∗ case, but more than 20 for the Σ∗c ¯D
assignment. The authors suggest that the Σ∗c ¯D ansatz is more
reasonable than the Σc ¯D∗ one in order to interpret the broad
width of Pc(4380). In our present work, both Σc ¯D∗ and Σ∗c ¯D
pictures are allowed. If we combine the ratios of Ref. [67]
and the partial decay widths of J/ψp in the present work,
the ¯D∗Λc widths can be obtained. The partial decay width of
¯D∗Λc is about 38 MeV for the Σc ¯D∗ case, while it is more than
2000 MeV for the Σ∗c ¯D case. This excludes the Σ∗c ¯D ansatz for
Pc(4380). These different conclusions may arise from differ-
ent perspectives and the model dependent results, and we pre-
fer to believe that the both Σc ¯D∗ and Σ∗c ¯D scenarios possible.
To sum up, the S -wave Σc ¯D∗ assignments for Pc(4380) and
Pc(4450) are both allowed by our calculations, while all the
P-wave Σc ¯D∗ assumptions are excluded. Moreover, for the
JP = 3/2− Σ∗c ¯D and Σ∗c ¯D∗ scenarios, only Σ∗c ¯D for Pc(4380)
case is possible. It should be noted that these results do not
contradict with the fact that the two Pc states have different
spins and opposite parities, since other cases such as P-wave
Σ∗c ¯D∗ assumption are also possible and not discussed here.
Theoretical investigations on other decay modes and further
experimental information on spin-parities and partial decay
widths will be helpful to distinguish these possible assign-
ments of the Pc states.
IV. SUMMARY
In this work, we estimate the partial decay widths of
strong decay modes J/ψp of hidden charm pentaquark states
Pc(4380) and Pc(4450) in Σc ¯D∗ molecular scenarios. With
various spin-parity assignments, the partial decay widths of Pc
states are significantly different. All the P wave Σc ¯D∗ assign-
ments are excluded, while S wave Σc ¯D∗ pictures for Pc(4380)
and Pc(4450) are both possible. The JP = 3/2− Σ∗c ¯D and Σ∗c ¯D∗
molecular pictures are also discussed in heavy quark limit, and
only Σ∗c ¯D for Pc(4380) is allowed. More theoretical investiga-
tions on other decay behaviors and experimental information
on spin-parities and partial decay widths are needed to clarify
the nature of two Pc states.
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